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RESEARCH MEMORANDUM

RESULTS OBTAINED FROM THIRD FLIGHT OF NORTHROP
X-4 ATRPLANE (A.F. No. 46-676)

By Walter C. Williams
SUMMARY

NACA instrumentation has been installed in the Northrop X-4 airplane
to obtain stability and control data during the Northrop conducted accept-
ance teste. The results of the third flight of the X-4 number 1 airplane

are presented in this paper.

The results of this flight showed that the directional stability
as measured in steadily increasing sideslips was positive and high and
that the lateral stability was positive.

INTRODUCTION

As a part of the Alr Force-Navy-NACA transonic flight-research
program, the Northrop Company has comstructed the X-4 airplane. This
ailrplane is intended for performing research on a tailless configuration
at high subsonic Mach numbers.

NACA recording instrumentation has been installed in the airplane
to provide data on stability and control characteristics during the
Northrop conducted acceptance tests. The present paper gives data
obtained 1n the third flight of this airplane made May 5, 1949. Since
the second flight, the contractor added strips to the trailing edge of
the rudder to increase rudder forces and as a possible fix for the
lateral oscillation experienced in the previous flights. Data from
flights 1 and 2 were presented in references 1 and 2, respectively.
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SYMBOLS
vy indicated airspeed, miles per hour
B sldeslip angle, degrees
Be elevon angle, degrees
5 rudder angle, degrees
Subscripts:

R, L right and left elevons, respectively
ATRPLANE

The Northrop X-4 airplane is a semitailless research airplane
having a vertical tail but no horizontal tail surfaces. It is powered
by two Westinghouse J30-WE-7-9 engines and is designed for flight
research in the high-subsonic-speed range. Photographs of the alrplane
are presented as figure 1 and a three-view drawing as figure 2. :
Table I 1lists the physical characteristics of the alrplane.

TEST INSTRUWMENTATION

Because of the small size of the X-L airplane and the instrumen-
tation requirements for the Northrop structure and engine temperature
measurements 1t was possible to install only a minimum of stability
and control instrumentation. Standard NACA internal instruments record
altitude, airspeed, angle of sideslip, right and left elevon positions,
and rudder position. In addition, the followlng quantities are
telemotered to a ground station: normal acceleration, altitude,
alrspeed, right and left elevon positions, and rudder position. All of
the records are correlated by a common timer.

The recording airspeed and altimeter are commected to the airspeed

head on the vertical fin. A calibration of this installation has not
yet been made.

SECRET
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RESULTS AND DISCUSSION

In this flight, the pllot was scheduled to make steady sideslips at
geveral sidesllp angles at various speeds. He had accomplished only two
sldeslips to =mall angles at approximstely 175 miles per hour when the
right-engine oil supply dropped to the danger point and the flight was
terminated.

The pllot took records in these sideslips as he slowly increased
sldeslip and then attempted to maintaln a steady condition. Time
histories of these two runs are presented in figures 3 and 4. From
these data, figure 5 was prepared which presents the variation of rudder
and lateral-control position with sideslip angle. There is scatter in
these data, particularly those pertaining to the lateral control, but
as caen be seen in figures 3 and 4, the control was not moved smoothly,
which resulted in some oscillation in sideslip. It can be seen from
figure 5, however, that the directional stability as measured by the
varlation of rudder position with sideslip angle i1s high, approximately
1.7° of rudder per degree sideslip. The effective dihedral as shown

by the variation of lateral control with sideslip angle is positive.

A time history of the landing approach and landing is given in
figure 6. The landing was quite similar to that made in flight 2
(reference 2) with touchdown at about the same speed, 150 miles per hour.
The landing was made with flaps up. The poor damping of the lateral
oscillation reported in the previous flight (reference 2) was still
present, as can be seen by examination of the sideslip record. The
Pilot reported that the rudder forces were higher with the trailing-
edge etrip but could not comment on the lateral oscillation, since 1t
was most objectionable on the previous flight above 250 miles per hour,
end he 414 not go to such speeds in this flight.
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CONCLUSIONS
Measured results obtained from the third flight of the Northrop

X-4 airplane showed the following conclusions:

1. The directional stability as measured in steadily increasing
sideslips at 175 miles per hour is positive and high.

2. The lateral stabillty as measured in these sideslips is

positive.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Air Force Base, Va.
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TABLE I.— PHYSICAL CHARACTERISTICS OF X—l ATRPLANE

Engine . . . . . .+« .+ .. . Two Westinghouse J-30-WE-8-9
Rating (each), lb statlc thrust at sea 1evel « « « « « o o o o 1600

Weilght for acceptance tests, 1b: ,
Maximm (240 gal fuel) .+ « « « o« o o o o o o o o o o « o« « « o 7050
Minimum (10 gal fuel trapped) . . 5670

.
.
)
.
.
.
.
.
.
.
.
.
.
.

Wing loading, 1b/sq ft:
Maxim.‘m . L L] . L L . . . L L L d * L L] L . . L . . * . . L] - . - 35 .2
MIDATOUIT « o o o « o o o o o o o o @ o o o o o o6 o o o o o+ . 28.3

Center-of-gravity travel (first flight), percent M.A.C.:
Gear down, full 10ad =« « « « ¢ o o o ¢ o o o o o 0 o o o 0 e o 225
Gear down, SmPEY « + ¢ o ¢ o o 4 s e e e e s e s s e e e oo 20.2
Gear up, full load . . + « o « ¢ o ¢ ¢ ¢ o o o o ¢ o o o o . . 22
Gear Up, 6MPLY ¢ ¢ ¢ o o o o o s e s s s e o o o s 0 s s e e o 19.7

Helght, over 8ll, Tt o o « « o o o o o o o o o o o o o o o o « o« 14.83
Tength, over all, £t . « + v ¢ ¢ o ¢« ¢ o o o o o o o o s o o o o o 23.25

Wing:
Area, BQ Tt ¢ ¢ v ¢ ¢« ¢ o o o s o 4 s e s e e s e e 0 e e e 0 200
SPEN, TH o o o o o s & s s s s e v e e e e e e e e e e e e e . 2683
MrPoil 8ectlOn « « « « o o o ¢ o« o o o o o o o o s s o« . o 0010.6k4
Mean aerodynsmic chord, £t « « o & + o « o « o o« o 0 e . oo T.81
ABPect TAtI0 o v v v b e e e e e e e e e e e e e e e e e e e 3.6
Root chord, ft . « o ¢ « ¢« ¢ ¢« ¢ ¢ ¢ o o o o o o o o o o o « « 10.25
TIPp chord, £t ¢ o o o o o o o o o o o o s o « o o o o o o o o« b67
Taper ratio o o o . . e e e o s s e s s s s s e e e s . 2.2:1
Sweepback (leading edge), deg T 1 5
Dihedral (chord plane), A6 « + « o « o o o o o o o « o o o o & 0

Wing flaps (eplit):
Y J - T v [ ¢
SPEL, TE o o o o o o o o o o o o o o o 4 e u e e e e ... B892
Chord, percent wing chord . . . . « ¢« ¢ + « ¢ ¢ ¢ « o o ¢ o o & 25
Travel, d6Z + « « « o o ¢ = ¢ o o o o o o o o o s o + o o o o o 30

Dive-brake dimensions as flaps:
Travel, €8 + + ¢ « « o o o - o« o o o o o o e 0 e e e .. 160
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Figure 1l.- Photograph of Northrop X-4 alrplane.
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Figure 1l.— Concluded.
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Figure 2.- Three-view drawing of Northrop X-4 airplane.
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Northrop X—4 airplane.

Figure 4.— Time history of steadily changing sideslip.
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Figure 6.- Tims history of landing approach and landing.
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